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m^ir^m^<7^^m:^mmx$)^ . ^t^m cii) (Dmmzniru-r v^^yy ^ ~^m-t 

^tzib^ T.m&J\z},t:^^mxh^fZo 
[0 0 0 81 

[#it:i:m 1 1 mm<km^Qimi^z^^^y vv-jy 

mn:m. 2 1 gII^<2rM#l01/74774■f•/^• > 7 h 
[#M=:i:m 3 1 7 :^ ^*#lt^6610324-^H^^* 
m^Xm 4 1 gII^<2:gg^92/07849■^/^° > 7 W <y h 
[l&BJ<7)F^^l 

[H^Tj-'iS^L J: ^ a:1-'l.i^Sl 
[0 0 0 91 

miE# 2008-3039648 



#M 2 0 0 3 - 3 8 2 3 8 2 ^- v : 2/ 

"^m^^JWM^m^K mum^^-^^iim i < . mn'itifn.mmmmxm'f'(D 
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50'CtCj!]PiiL7tl-^^>'l'-4-tr^V K> (ISO.Og) <?)2-^n/NV (1.44L) 
vTf-^ K (67. Og) <;)2-7"nyN°y (360mL) mWiii ^Xf^Mm^ (51. Og) ^HI-^T^ 
tJPL/Co fi4S4<^<in 'J v> (13.3mL) ^Y^JnL> 50t:J2i.±-r2B#r^» L/c|^, ^JUtr 

H^H^r^SL. 2-yn/N°y-;i/ (540mL) Xi9cW^\^tzo ^QiV.xn&'^i^L . W^mt^ 
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[0 0 3 8 ] 

^H-NMR (CDCh) 8 ppm:4.86 (br.2H) ,3.47-3.46 (t. 2H, J=l. 9Hz) .2.78-2.71 (m,2H) . 
2.71-2.65 (m,2H) .2.47 (s.3H) 
MS (FAB) m/z : 170 (M+H) * 

Ttm^m : ctHiiNss^ l-c. 

msmW. : C,49.68;H,6.55;N,24.83;S, 18.95 
MWm : C,49.70;H.6.39;N. 24.9l:S, 19.00 
[0 0 3 91 

^3i0!l2 : 2-T5 y-5-^^;^-4.5.6.7-7" h Fn^ryn [5.4-c] tiVv^-z:^ 
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l_^^;i._4_tf^i; K> (lOO.Og) =^2--/D/>V (800mL) -^^iAT^f^Wi. ia7K?& 
-CjfJP^t, F^^aSOrtr^SL^Co 50t:■CvT:^5 K (37.16g) <D2--fuyiy-)V (200mL 
) m-mRZ/mn^M (28.34g) ^Jm^v^SiJnLfCo M«fi<7)iin'; v> (7.4mL) ^v^stlPt 
. 50-6rCX' im^mWLfzm. ^?at;i^<^LfCo 48 ro:^:^^^^*^ (358.0g) ^30~40r 
Ti^Tf^, 7X7KI&t:-10t:i^J.T^<%SPL, IWIi^TM B#rBl30^«# L ^tB Lt^ISh^h ^ -^ii 
L> 2-yny?y-;i/ (500mL) "C^^L^^o vl'»:^40t:-eMl±^^ ^M'fb^tf (258.2 
g) ^»7to 
[0 0 4 2] 

^H-NMR (D2O) S ppm:4.45-4.53 (d, IH, J=15. 2Hz) .4.20-4.26 (d. IH. J=15. 2Hz) .3.75-3 
.90 (m. IH) ,3.50-3.67 (m. IH) ,3.10 (s,3H) .2.91-3.18 (m, 2H) 
7C*^*f : C7Hi3Br2N3Sa: LT. 

Sf^'fil : C,25.39;H.3.96;Br,48.27;N, 12.69;S,9.69 

Hil'Jfi : C,25.54;H,3.93;Br,48.09;N. 12.62;S,9.72 
[0 0 4 3] 

Mi^m 3 : 2-'/n ^-5-p« f-;i'-4. 5. 6. 7--r h 7 H K n ^ T V'n [5. 4-c] tf v > 
[0 0 4 4] 
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2-T ^ ^;i--4.5,6,7-T- h 9 t Kn^rVn [5, 4-c] V v > (600. Og) ^ 

Tic (6.0L) izmmLfz'ik. 48%m'fk7R«^ (4.2L) ^5~15t:-CiST L/tio Mfii^:^ h V 
'yj^ (367.2g) c7)7[c (1.8L) ^?K«:0~5t:i'TlB#^30:9-;6-ltT?gT Ljtf^, SOrn^rS 
L. 24ltP^M#L^co 55S^7Km^b:^ h U 'i'ATKv^ri^ (6.0L) tcT-l^fPt, 5^T;i/:^;"m 
(pH 12.5) ^:L;^^f^, (12.0L,6.0L) -r:^2mmiii LfZo 

TM*^^^ b >; A (1202. Og) X-m^MLfz^k. ^^t/^^SiJL> «?S^r40t:tril^l±T 
iS*iBL, tlM'fl:^!^ (557. 6g) ^ntzo 
[0 0 4 6] 

'H-NMR (CDCI3) 8 ppm:3.58-3.57 (t, 3H. J=l. 8Hz) ,2.92-2.87 (m,2H) .2.81-2.76 (m.2 
H) .2.49 (s,3H) 
[0 0 4 7] 

it3t^Rl4 : 2-yn^-5-^^;i/-4.5,6.7-T- h 7 Kn^TVn [5.4-c] tr'jy:^-p-h 
Ts)^:^ 
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•TsOH ,S^Br 

[0 0 4 91 

2--7*n^-5-^ ^>'l--4,5,6,7-T- h 7 t Kn^TV'n [5,4-c] I:fUv> (557. 6g) 
^y-ii' (3.9L) i;?#lifL/co -ov^^^n. p- h TKfPt; (soo.Og) o 

(1.7L) mmisovizxmrLfz^k. iwiza-c i b#f^, iot:i^Tt;<t*PL, 2b# 
mm^t^'^ (851. 9g) ^t#fco 

[0 0 5 01 

^H-NMR (DMSO-de) <yppm:10.15 (br, IH) ,7.47-7.43 (d.2H. J=8.2Hz) .7.09-7.07 (d.2H. 
J=8.2Hz) .4.47 (s.2H) .3.58 (s.2H) 3.04 (t, 2H. J=6. IHz) .2.96 (s.3H) .2.29 (s.3H 

) 

7C*^W : Ci4Hi7BrN2 03S2 1 LT, 

mtmi^ : C.41.48;H.4.23:Br,19.71;N,6.91;S,15.82 
: C.41.52;H,4.33;Br.l9.80;N.6.99;S. 15.90 
[0 0 5 1 1 

M^M5 : 2-rn^-5-^ ^;U-4.5,6.7-T- h 7 t: Kn^T V'n [5,4-c] li';v>-p-h 
[0 0 5 2 ] 

['fcei 

•TsOH ^S-^Br 

[0 0 5 3] 

Tfc (250mL) t4S%mit7i^mm (175inL) COrl^r^tC. 2-T 5 / -5-^ ^ ;V-4, 5, 6. 7-T- h 
^tKn^ryn [5,4-c] tf' J v > • Zl:i:'ft7|c*^m (50. Olg) ^m?aT?^Jn LTMvl 

^-^T^co ^<7)m-mmi^i^iovi^j.r^zi^im. mm-rh^j^M, (i5.63g) (t^tk (75mL) 
mm^p^^^'kiov&.Tiz^-^rj:-fytCj^ mmso^-A-ifxmrLtzo iot:mT-e20NF^4t^i^ 

t^, 20'CJil.TlC'K*>>^>i5c,io^^7fc^'f|:f- h i; ^AtKv^?^ (175mL) ^mTLXT)^^ 
m:.Lfzt V#f^<7)pH{±13. l-eabofco ^v^T% (375mL, 250mL) 'C2m7Km 

^ffitBt> mp^(7)^'f^tc{±#-^ir^c ^ ;VJ:->ii<^l/4^'f$ffl L/>:o h > m ^ MM^ik. ^ 
(43.8mL) -^^^tlS^SiS^-igftlL/co --t^. p- h TK^Ptf (5. 
03g) (18.8mL) M^gia-Cfj^Tm. lOri^lTt^J^iP I^IzaT mF^30 

^WLfco mmLfz^^B't^ML. ^iJ'y-;!/ (18.8inL) -e^#L/^o vl#Sr40X:T'^lS 
J±^-mL. WMit^m (9.05g) ^:#7to 
[0 0 5 4] 

'H-NMR (DMSO-de) <5ppin:10.15 (br. IH) .7.47-7.43 (d. 2H, J=8. 2Hz) ,7.09-7.07 (d.2H. 
J=8. 2Hz 

) ,4.47 (s,2H) ,3.58 (s,2H) ,3.04 (t. 2H, J=6. IHz) .2.96 (s.3H) .2.29 (s.3H) 
7tm^^ : Ci4Hi7BrN2 03S2 1 LT, 

S^-fi : C,41.48;H,4.23;Br, 19. 71;N.6.91;S. 15.82 

mmi& : C, 41. 54;H. 4. 18:Br. 19. 83;N. 7.03:5.16.02 
[0 0 5 5 ] 

Mit^BG : 5-^f->'l^-4.5.6,7-x h 7 Kn^TV'n [5.4-c] t: 'J v >'-2-:^7 >^ • 
[0 0 5 6] 
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[0 0 5 7] 

2-7*n^-5-^^;P-4,5,6,7-x h 9 t Kn^Tv'n [5,4-c] If 'j v > • p- h ^l' J^- > X 

(490. og) tc2^^7R^jb:^ h ATicv^vi^ (2.45L) ^m^MUTso^fumw 
Lfzo h)UJ^y (4.9LX2) x-2mmti^L^^miMMmi-h') 'yj^ (979. sg) izx^m 

LfZo ^mm^^ML. «?S*40t:J':J>TTMjET»ilit. 2-7*o^-5->f-;i/-4.5,6.7-7^ 
h^liKnf-ryn [5,4-c] IfVv^ (284. Og) ^n^'i*^^ t LXWfz<, n hfifz2- 
7'n^-5-^ ^;W-4,5,6,7-T- h 7 Fn-^7y*n [5,4-c] H° 'J v > (284. Og) =£:*7Kt- 
h9t;Ka-77> (2.84L) L/cfl:, ^|^^7;i^=i*>#ffl^i: Lt^Io n-7'f-;^';f- 

•^/A (1.59mol/L n-^ + -9->^#?iS.766mL) ^-40 — 30t:-T??KTL> im^i^WLtz 
o ;^m^';^^-40~-25'C-e%iR$^t, $ C5tc^m**^#H^T|Wl?aTM BtP^Mfi^L^Co ^ 
f^m^^^i^ (1.42L) ^Snx./-:o ^H^Ltzmi^^ ^ML. gt^i-f-;u (0.85L 
) -e^i^L. 40'C-ei)Sffi^;l^m»L. ^IKb^t/ (235. Ig) =^#/io 
[0 0 5 81 

iR-NMR (DMSO-de) 5ppm:3.54 (s.2H) .2.65-2.85 (m,4H) ,2.36 (s,3H) 
[0 0 5 91 

m^Ml : 5-pf ^>'V-4.5.6,7--r h 7 H Knf-ryn [5.4-c] tf "J v > -2- :^ -i^' > ^ • 

^^^^ 

[0 0 6 01 
[0 0 6 1 1 

^;V_4,5,6.7-T- h 9 H Knf^T y-n [5,4-c] H° U v >-2-;^; >^ • 'J ^ A 
:^ (3.00g) tc> 1 M^iS^J^^ y -^'I'rt?!^ (36inL) ^tnx.. ^UXim^^WLfZo 
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[Document Name] Claims 

[Claim 1] A process for producing 5-methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5 , 4-cl pyridine-2-carboxylic acid or a salt 
thereof, characterized by comprising reacting 1 -methyl -4- 
piper idone with sulfur powder and cyanamide in the presence 
of a secondary amine, to thereby obtain 2 - amino -5 -methyl - 
4, 5, 6, 7-tetrahydrothiazolo [5,4-c]pyridine or a salt thereof; 
reacting the obtained compound with hydrobromic acid and 
alkali metal nitrite, to thereby obtain 2-bromo-5-methyl- 
4, 5, 6, 7-tetrahydrothiazolo [5,4-c]pyridine or a salt thereof; 
and reacting the obtained compound with alkyl lithium and 
carbon dioxide . 

[Claim 2] A process for producing 2-amino-5-methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5 , 4 -c] pyridine or a salt thereof, 
characterized by comprising reacting 1 -methyl -4 -piper idone 
with sulfur powder and cyanamide in the presence of a 
sec onda ry ami ne . 

[Claim 3] A process for producing 2-bromo-5-methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5, 4- c] pyridine or a salt thereof, 
characterized by comprising reacting 2 -amino- 5 -methyl - 
4,5, 6, 7-tetrahydrothiazolo [5,4 -c] pyridine or a salt thereof 
with hydrobromic acid and alkali metal nitrite. 
[Claim 4] A production process as described in claim 1, 
wherein the alkyllithium is n-butyl lithium. 

[Claim 5] A production process as described in claim 1 or 2, 
wherein the secondary amine is pyrrolidine. 

[Claim 6] A production process as described in claim 1 or 3, 
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wherein the alkali metal nitrite is sodium nitrite. 
[Claim 7] A salt formed between 2-amino-5-methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5 , 4 -c] pyridine and an acidic compound. 
[Claim 8] A salt as described in claim 7, wherein the acidic 
compound is hydrobromic acid. 

[Claim 9] A salt formed between 2-bromo-5-methyl-4 , 5, 6 , 7- 
tetrahydrothiazolo [5, 4 -c] pyridine and an acidic compound. 
[Claim 10] A salt as described in claim 9, wherein the 
acidic compound is p-toluenesulf onic acid. 
[Claim 11] A salt formed between 5-methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5, 4-c] pyridine-2-carboxylic acid and an 
acidic compound. 

[Claim 12] A salt as described in claim 11, wherein the 
acidic compound is hydrochloric acid. 
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[Document Name] Specification 

[Title of the invention] Process for Producing 

Tliiazole Derivative 

[Technical Field] 
[0001] 

The present invention relates to a process for 
producing intermediates of a useful compound which exhibits 
an inhibitory action on an activated coagulation factor X, 
and which is thus useful as a preventive/therapeutic drug for 
thrombus -related diseases. 
[Baclcground Art] 
[0002] 

5-Methyl-4, 5,6, 7 - tetrahydrothiazolo [5 , 4-c] pyridine-2- 
carboxylic acid (hereinafter referred to as "compound (IV)"), 
exhibiting an inhibitory action on an activated coagulation 
factor X (FXa) , is an important compound serving as an 
production intermediate of a useful compound as a 
preventive/ therapeutic drug for thrombus -related diseases 
(see, for example. Patent Documents 1 and 2) . Therefore, 
there is demand for an industrially advantageous production 
method therefor. 
[0003] 

In one process which has hitherto been Icnown to produce 
compound (IV) , a piperidone derivative is treated with 
phosphorus sulfide to thereby form a thiazole ring., and then, 
a methyl group is introduced to the 5 -position by use of 
lithium aluminum hydride, and the 2 -position is converted to 
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a lithium salt of carboxylic acid (see, for example. Patent 
Document 1) . In another known process, a mercapto group 
which has been introduced into a protected aminopyridine is 
subjected to ring formation reaction, followed by chemical 
reduction of the pyridine ring to thereby form a lithium salt 
of carboxylic acid (see, for example. Patent Document 2) . In 
yet another known process, protected piperidone is first 
transformed into 2-amino-4 , 5 , 6 , 7- tetrahydrothiazolo [5 , 4 - 
c] pyridine (hereinafter referred to as compound (II)) in the 
presence of a secondary amine by use of sulfur powder and 
cyanamide, then brominated with copper (II) bromide and alkyl 
nitrite, after which a methyl group is introduced to the 5- 
position by use of formaldehyde and triacetoxysodium 
borohydride, and the resultant 2-bromo-5-methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5 , 4 -c] pyridine (hereinafter referred to as 
compound (III) ) is transformed to a lithium salt of 
carboxylic acid (see, for example. Patent Document 2) . 
[0004] 

However, any of the above methods involves reactions 
that are difficult to manipulate when performed on an 
industrial scale, and includes a considerable number of steps 
because protect ion/deprotection steps are needed. Moreover, 
since chromatography is employed for purification, the 
overall production time is extended, which is industrially 
disadvantageous. Also, a compound (IV) isolated as a lithium 
salt is highly hygroscopic, and therefore handling is 
difficult. Moreover, since the compound (IV) lacks stability. 
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storage-related problems arise. 
[0005] 

In the meantime, 2 -amino-5-methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5 , 4 -c] pyridine has been known to be 
obtained by reacting 1 -methyl -4 -piper idone (hereinafter 
referred to as compound (I)) with bromine (see for example. 
Patent Document 3) . 
[0006] 

However, use of bromine is industrially disadvantageous, 
as it is difficult to handle and places a great load on the 
environment. Moreover, during the process, a brominated 
compound must be isolated as an intermediate, which means 
that the process requires two steps. 
[0007] 

Another method which has been known for preparing a 
compound (III) includes bromination of compound (II) with 
copper bromide (see, for example. Patent Document 4) . 
However, this method requires copper bromide in an amount 
equal to or more than that of the compound (II) - This makes 
it difficult to separate by-produced copper salts after the 
reaction, and chromatography is needed for purifying compound 
(III) . Thus, the method is industrially disadvantageous. 
[0008] 

[Patent Document 1] International Publication WO 
01/62763 pamphlet 

[Patent Document 2] International Publication WO 
01/74774 pamphlet 
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[Patent Document 3] Netherlands Patent No. 6610324 
[Patent Document 4] International Publication WO 

92/07849 pamphlet 

[Disclosure of the Invention] 

[Problems to be Solved by the Invention] 
[0009] 

An object of the present invention is to provide a 
process for industrially producing, through use of 
inexpensive starting materials, intermediates of a useful 
compound which exhibits activated blood coagulation factor X 
inhibitory effect. The process enables efficient production 
of the intermediates with a fewer number of production steps. 
[Means for Solving the Problems] 
[0010] 

In order to solve the aforementioned problems, the 
present inventors have studied extensively and have found 
that a compound (II) can conveniently be produced from a 
compound (I) with a single step by use of a catalytic amount 
of a secondary amine, a compound (III) can be produced from 
the compound (II) without copper bromide, and each of the 
compounds (II) to (IV) can be isolated, by treating with an 
acidic compound, as a stable salt with the acidic compound; 
and that, through use of any of these steps in combination, 
an intermediate of a useful compound which exhibits an 
inhibitory action on an activated coagulation factor X can be 
produced on an industrial scale with a small number of 
production steps. The present invention is accomplished 
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based on the findings. 

Accordingly, the present invention provides a process 
for producing 5 -methyl -4, 5,6, 7-tetrahydrothiazolo [5,4- 
c] pyridine -2- carboxylic acid or a salt thereof, characterized 
by comprising reacting 1 -methyl -4 -piperidone with sulfur 
powder and cyanamide in the presence of a secondary amine, to 
thereby obtain 2-amino-5-methyl-4, 5, 6, 7- 
tetrahydrothiazolo [5 , 4-c] pyridine or a salt thereof; reacting 
the obtained compound with hydrobromic acid and alkali metal 
nitrite, to thereby obtain 2-bromo-5-methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5 , 4-c] pyridine or a salt thereof; and 
reacting the obtained compound with alkyllithium and carbon 
dioxide . 
[0011] 

The present invention also provides a process for 
producing 2 -amino- 5 -methyl -4 , 5,6, 7-tetrahydrothiazolo [5,4- 
c] pyridine or a salt thereof, characterized by comprising 
reacting 1 -methyl -4 -piperidone with sulfur powder and 
cyanamide in the presence of a secondary amine . 
[0012] 

The present invention also provides a process for 
producing 2-bromo-5-methyl-4 ,5,6, 7-tetrahydrothiazolo [5,4- 
c] pyridine or a salt thereof, characterized by comprising 
reacting 2 -amino- 5 -methyl -4 ,5,6, 7-tetrahydrothiazolo [5,4- 
c] pyridine or a salt thereof with hydrobromic acid and alkali 
metal nitrite. 
[Effects of the Invention] 
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[0013] 

According to the production process of the present 
invention, intermediates of a useful compound which exhibits 
an inhibitory effect on an activated blood coagulation factor 
X can be produced through use of inexpensive starting 
materials with high efficiency and a fewer number of 
production steps. Thus, the production process of the 
present invention is industrially useful. 
[Best Modes for Carrying Out the Invention] 
[0014] 

The production process according to the present 
invention is represented by the following reaction scheme and 
the steps thereof will next be described. 

[0015] 
[Fl] 




CI) (E) (m) (IV) 

[0016] 



Step (a) : A compound (I) is dissolved in a solvent 
mentioned hereinbelow and is reacted, in the presence of a 
catalytic amount of a secondary amine, with sulfur powder and 
cyanamide, to thereby produce a compound (II) - The compound 
(I) may be prepared through, for example, methylation of 4- 
piperidone through a conventional method. 
[0017] 

The cyanamide is preferably used in an amount of 1 to 2 
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equivalents, more preferably 1 equivalent on the basis of 1 
mole of the compound (I) . The sulfur powder is preferably- 
used in an amount of 1 to 2 equivalents, more preferably 1 
equivalent on the basis of 1 mole of the compound (I) . No 
particular limitation is imposed on the secondary amine. 
Examples of the secondary amine include diethylamine, 
diisopropylamine, pyrrolidine, piperidine, and morpholine, 
with pyrrolidine being preferred. The amount of secondary 
amine added may be a catalytic amount, preferably 0.01 to 1.2 
equivalents, more preferably 0.1 to 0.5 equivalents, still 
more preferably 0.1 equivalents on the basis of 1 mole of the 
compound (I) . 
[0018] 

No particular limitation is imposed on the solvent, so 
long as the solvent is inert with respect to the reaction. 
Examples of the solvent which may be employed include 
alcoholic solvents such as methanol, ethanol, and 2-propanol; 
ether solvents such as diethyl ether, tetrahydrof uran, and 
1,4-dioxane; acetonitrile ; and acetic acid alkyl ester 
solvents. Among these solvents, alcoholic solvents are 
preferred, with 2-propanol being more preferred. 
[0019] 

The reaction temperature, which differs depending on 
the solvent to be employed, typically falls within a range of 
0°C to the boiling point of the solvent, preferably a range 
of 45°C to the boiling point of the solvent. The reaction is 
carried out for about 1 to 24 hours, preferably about 2 to 5 
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hours until it is virtually completed. 
[0020] 

The reaction mixture may be directly subjected to 
filtration to isolate the compound (II) as crystals. 
Alternatively, when the compound (II) is to be isolated in 
the form of a salt, an acidic compound is added to the 
reaction mixture. The "acidic compound" refers to a compound 
which, as itself, is acidic, or which, when being dissolved 
in water, is acidic. Examples of the acidic compound which 
may be employed include organic carboxylic acids such as 
oxalic acid, acetic acid, benzoic acid, p-nitrobenzoic acid, 
malic acid, tartaric acid, succinic acid, maleic acid, and 
fumaric acid; organic sulfonic acids such as p- 
toluenesulf onic acid, and methanesulf onic acid; and inorganic 
acids such as hydrochloric acid, hydrobromic acid, sulfuric 
acid, and phosphoric acid. Among these acidic compounds, 
hydrobromic acid is preferred. 
[0021] 

Step (b) : The compound (II) is reacted, in the presence 
of hydrobromic acid, with an alkali metal nitrite, to thereby 
give a compound (III) . 
[0022] 

Examples of the allcali metal nitrite which may be 
employed include sodium nitrite, potassium nitrite, and 
lithium nitrite, with sodium nitrite being preferred. The 
allcali metal nitrite is preferably used in an amount of 1 to 
3 equivalents, more preferably 1.5 equivalents on the basis 
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of 1 mole of the compound (II) . 
[0023] 

The reaction is performed at a temperature falling 
within a range of -20 to lOO^^C, preferably -5 to 15°C for 
about 1 to 36 hours, preferably 3 to 24 hours until it is 
virtually completed. 
[0024] 

The compound (III) may be isolated through addition of 
an aqueous solution of an alkali metal hydroxide (e.g., 
sodium hydroxide, potassium hydroxide, or lithium hydroxide) 
or an alkaline earth metal hydroxide (e.g., calcium hydroxide 
or barium hydroxide) , preferably aqueous sodium hydroxide, 
for alkalifying the mixture (about pH 12 to 13) ; extraction 
of the mixture through use of a suitable solvent; and 
concentration under reduced pressure. 
[0025] 

No particular limitation is imposed on the solvent. 
Examples of the solvent include ether solvents such as 
diethyl ether, diisopropyl ether, and methyl tert -butyl 
ether; aromatic hydrocarbon solvents such as benzene and 
toluene; and acetic acid alkyl ester solvents such as ethyl 
acetate and isopropyl acetate. Among these solvents, 
aromatic hydrocarbon solvents are preferred, with toluene 
being more preferred. 
[0026] 

The compound (III) may be isolated in the form of a 
salt through dissolution in a suitable solvent and treatment 
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with an acidic compound. Examples of the acidic compound 
include the same compounds as described above. Of these, p- 
toluenesulf onic acid is preferred. 
[0027] 

No particular limitation is imposed on the solvent. 
Examples of the solvent which may be employed include 
alcoholic solvents such as methanol, ethanol, and 2-propanol; 
ether solvents such as diethyl ether, tetrahydrof uran, and 
1,4-dioxane; aromatic hydrocarbon solvents such as benzene 
and toluene; acetonitrile; and an acetic acid alkyl ester. 
Among these solvents, alcoholic solvents are preferred, with 
methanol being more preferred. 
[0028] 

Step (c) : The compound (III) is reacted with an 
al]cyllithium and carbon dioxide gas, to thereby give a 
compound (IV) . 
[0029] 

The reaction consists of two sub-steps. The first sub- 
step is lithiation through use of an allcyl lithium. The 
allcyllithium is used preferably in an amount of 1 to 2 
equivalents, more preferably 1 to 1.2 equivalents on the 
basis of 1 mole of the compound (III) . The alkyllithium is 
preferably n-butyllithium. The reaction temperature falls 
within a range of -78°C to the boiling point of the solvent, 
preferably -78 to 0°C. The reaction is performed for several 
minutes to 24 hours, preferably several minutes to 2 hours 
until it is virtually completed. 
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[0030] 

The second sub- step is a reaction between the lithium 
salt obtained in the first sub-step and carbon dioxide gas. 
Specifically, carbon dioxide is injected to the reaction 
mixture obtained through the above lithiation, or the 
reaction system is placed in a carbon dioxide atmosphere. 
The reaction temperature falls within a range of -78®C to the 
boiling point of the solvent, preferably -78 to 0°C. The 
reaction is performed until it is virtually completed, for 
several minutes to 24 hours, preferably several minutes to 2 
hours. Preferably, in the step (e) , the sub-steps are both 
carried out under nitrogen, argon, or a similar inert gas. 
[0031] 

No particular limitation is imposed on the solvent, so 
long as the solvent is inert with respect to reaction. 
Examples of the reaction solvent include ether solvents such 
as methyl tert -butyl ether, diisopropyl ether, 
tetrahydrofuran, and 1,4-dioxane; linear or cyclic saturated 
hydrocarbon solvents such as n-hexane, n-heptane, and 
cyclohexane; and aromatic hydrocarbon solvents such as 
benzene and toluene. Among these solvents, ether solvents 
are preferred, with tetrahydrofuran being more preferred. 
[0032] 

The compound (IV) may be isolated in the form of a 
lithium salt by directly subjecting the reaction mixture to 
filtration. However, a lithium salt of the compound (IV) is 
unstable. Therefore, preferably, the lithium salt is 
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transformed into a free carboxylic acid. Alternatively, a 
suitable second solvent is added to the resultant free 
carboxylic acid, and the solution is treated with an acidic 
compound, to thereby isolate the compound (IV) as a salt. 
Examples of the acidic compound include the same as described 
above, with hydrochloric acid being pref erred . 
[0033] 

No particular limitation is imposed on the second 
solvent . Examples of the second solvent which may be 
employed include alcoholic solvents such as methanol, ethanol, 
and 2-propanol; acetonitrile ; and acetic acid alkyl ester 
solvents. Among these solvents, alcoholic solvents are 
preferred, with methanol being more preferred. 
[Examples] 
[0034] 

To further illustrate the present invention in greater 
detail, the following examples will be given. However, it is 
to be understood that the present invention is not limited 
thereto . 
[0035] 

Production Example 1: 2-Amino-5-methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5, 4-c] pyridine 

[0036] 
[F2] 
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[0037] 

A solution of 1 -methyl -4 -piper idone (180.0 g) in 2- 
propanol (1.44 L) was heated to 50 °C, and to the solution 
were sequentially added a solution of cyanamide (67.0 g) in 
2-propanol (360 mL) and sulfur powder (51.0 g) . After a 
catalytic amount of pyrrolidine (13.3 mL) was added thereto, 
the resultant mixture was stirred at or above 50°C for 2 
hours and was allowed to cool to room temperature, followed 
by stirring overnight. The resultant mixture was cooled to 
or below 10°C in an ice -water bath, and was stirred for 1 
«hour at the same temperature. The precipitated crystals were 
collected by filtration and were washed with 2-propanol (54 0 
mL) . The wet crystals were dried at 4 0°C under reduced 
pressure, to thereby give 209.9 g of the title compound. 
[0038] 

^H-NMR(CDCl3)8ppm: .4.86(br,2H) , 3 . 47-3 . 46 (t , 2H, J=l . 9Hz) , 
2.78-2.71 (m,2H) , 2 . 71-2 . 65 (m, 2H) , 2.47 (s,3H) . 
MS (FAB) m/z : 170 (M+H) " 
Elementary analysis: as C7H11N3S, 
Calculated: C, 49 . 68 ; H, 6 . 55 ;N, 24 . 83 ; S , 18.95 
Found: C,49.70;H,6.39;N,24.91;S,19.00 
[0039] 

Production Example 2: 2 -Amino -5 -methyl -4 , 5 , 6 , 7- 
tetrahydrothiazolo [5 , 4-c] pyridine dihydrobromide 

[0040] 
[F3] 



13 



Japanese Patent Appln. No. 2003-382382 



•2HBr 




— N 



[0041] 



1 -Methyl -4 -piper idone (100.0 g) was dissolved in 2- 
propanol (800 mL) at room temperature, and the solution was 
heated to an internal temperature of 50**C in a water bath. 
To the resultant mixture were sequentially added a solution 
of cyanamide (37.16 g) in 2-propanol (200 mL) and sulfur 
powder (28.34 g) at 50°C. A catalytic amount of pyrrolidine 
(7.4 mL) was added thereto, and the resultant mixture was 
stirred at 50 to 64°C for 1 hour. After the resultant 
mixture was allowed to cool to room temperature, 4 8% 
hydrobromic acid (358.0 g) was added dropwise thereto at 30 
to 4 0°C, and the mixture was cooled to or below 10°C in an 
ice-water bath, followed by stirring at the same temperature 
for 1.5 hours. The precipitated crystals were collected by 
filtration and were washed with 2-propanol (500 mL) . The wet 
crystals were dried at 40°C under reduced pressure, to 
thereby give 258.2 g of the title compound. 
[0042] 

^H-NMR(D20)6ppm: 4.45-4.53 (d, IH, J=15 . 2Hz) , 4.20- 

4.26 (d, IH, J=15.2Hz) , 3 . 75 - 3 . 90 (m, IH) , 3 . 50-3 . 67 (m, IH) , 

3 . 10 (s, 3H) , 2 . 91-3 . 18 (m, 2H) . 

Elementary analysis: as C7Hi3Br2N3S, 

Calculated: C,25.39;H, 3 . 96 ;Br, 48 . 27 ;N, 12. 69 ;S, 9.6 9 
Found: C, 25 . 54 ;H, 3 . 93 ;Br, 48 . 09;N, 12 . 62;S, 9 . 72 
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[0043] 

Production Example 3: 2-Bromo-5-Tnethyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5, 4-c] pyridine 

[0044] 
[F4] 



2-Amino-5-methyl-4 , 5,6, 7- tetrahydrothiazolo [5,4- 
dpyridine (600.0 g) was suspended in water (6.0 L) , and 48% 
hydrobromic acid (4.2 L) was added dropwise thereto at 5 to 
15°C. A solution of sodium nitrite (367.2 g) in water (1.8 
L) was added dropwise thereto at 0 to 5°C over 1.5 hours, and 
the reaction mixture was heated to 3 0*^C, followed by stirring 
for 24 hours. The resultant mixture was made strongly basic 
(pH 12.5) with 5N aqueous sodium hydroxide (6.0 L) . The 
aqueous layer was extracted with toluene twice (12.0 L, 6.0 
L) , and the toluene layers were combined. The combined 
toluene layer was dried over sodium sulfate anhydrate (1202.0 
g) , and after any insoluble material was filtered off, the 
mother liquor was concentrated at 4 0°C under reduced pressure, 
to thereby give 557.6 g of the title compound. 
[0046] 

^H-NMR(CDCl3)6ppm: 3 . 58 -3 . 57 (t , 3H, J=l . 8Hz) , 2 . 92 -2 . 87 (m, 2H) , 
2.81-2.76 (m,2H) , 2.4 9 (s,3H) . 
[0047] 




[0045] 
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Production Example 4: 2 -Bromo-5-methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5 , 4 -c] pyridine p- toluenesulf onic acid salt 

[0048] 
[F5] 



2-Bromo-5-methyl-4 ,5,6, 7- tetrahydrothiazolo [5,4- 
c] pyridine (557.6 g) was dissolved in methanol (3.9 L) , and 
to the solution was added dropwise a solution of p- 
toluenesulf onic acid monohydrate (500.0 g) in methanol (1-7 
L) at 3 0°C. The resultant mixture was stirred at the same 
temperature for 1 hour and then cooled to 10°C or lower, 
followed by stirring at or below lO^^C for 2 hours. The 
precipitated crystals were collected by filtration and were 
washed with methanol (1.1 L) , followed by drying at 40°C 
under reduced pressure, to thereby give 851.9 g of the title 
compound . 
[0050] 

^H-NMR (DMSO-dg) 5ppm: 10 . 15 (br, IH) , 7 . 47-7 . 43 (d, 2H, J=8 . 2Hz) , 
7.09-7. 07 (d,2H,J=8.2Hz) , 4.47 (s,2H) , 

3.58(s,2H)3.04(t,2H, J=6.1Hz) , 2.96 (s,3H) , 2.29(s,3H) . 

Elementary analysis: as Ci4Hi7BrN203S2 , 

Calculated: C, 41 .48 ;H, 4 . 23 ;Br, 19 . 71 ;N, 6 . 91 ; S , 15 . 82 
Found: C, 41 . 52 ;H, 4 . 33 ;Br , 19 . 80 ;N, 6 . 99 ; S , 15 . 90 
[0051] 




Br 



[0049] 



16 



Japanese Patent Appln. No. 2003-3 82382 



Production Example 5: 2-Bromo-5-methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5 , 4 -c] pyridine p- toluenesulf onic acid salt 

[0052] 
[F6] 




[0053] 



2 - Amino- 5 -methyl -4 ,5,6, 7- tetrahydrothiazolo [5,4- 
c] pyridine dihydrobromide (50.01 g) was suspended in a 
mixture of water (25 0 mL) and 4 8% hydrobromic acid (175 mL) 
at room temperature. After the suspension was cooled to an 
internal temperature of 10°C or lower, a solution of sodium 
nitrite (15.63 g) in water (75 mL) was added dropwise thereto 
over 1 . 5 hours during which the internal temperature was kept 
at or below 10*^C. After the resultant mixture was stirred at 
or below 10°C for 20 hours, ION aqueous sodium hydroxide (175 
mL) was added dropwise thereto during which the mixture was 
kept at or below 20°C, to thereby make the solution basic. 
The pH of the resultant solution was found to be 13.1. 
Subsequently, the aqueous layer was extracted with toluene 
twice (375 mL, 250 mL) , and the toluene layers were combined. 
A quarter of the amount of the combined toluene layer was 
used for the following procedure. The toluene layer was 
concentrated, and the concentrated residue was dissolved in 
methanol (43.8 mL) . A solution of p-toluenesulf onic acid 
monohydrate (5.03 g) in methanol (18.8 mL) was added dropwise 
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thereto at room temperature, and the mixture was cooled to or 
below lO^C, followed by stirring at the same temperature for 
1.5 hours. The precipitated crystals were collected by 
filtration and were washed with methanol (18.8 mL) . The wet 
crystals were dried at 4 0°C under reduced pressure, to 
thereby give 9.05 g of the title compound. 
[0054] 

^H-NMR(DMSO-d6)5ppm: 10 . 15 (br, IH) , 7 .47-7 .43 (d, 2H, J=8 .2Hz) , 
7.09-7.07 (d,2H,J=8.2H2) , 4.47 (s,2H) , 3.58 (s,2H) , 
3.04(t,2H, J=6,lHz) , 2.96 (s,3H) , 2.29 (s,3H) . 
Elementary analysis: as Ci4Hi7BrN203S2 / 

Calculated: C, 41 . 48 ;H, 4 . 23 ;Br , 19 . 71 ; N, 6 . 91 ; S , 15 . 82 
Found: C, 4 1. 54 ; H, 4 . 18; Br, 19. 83; N, 7.03; S, 16.02 
[0055] 

Production Example 6: Lithium 5 -methyl -4 , 5 , 6 , 7- 
tetrahydrothiazolo [5 , 4-c] pyridine-2-carboxylate 

[0056] 
[F7] 



To 2-bromo-5-methyl-4 , 5,6, 7-tetrahydrothiazolo [5,4- 
c] pyridine p- toluenesulf onic acid salt (490.0 g) was added 2N 
aqueous sodium hydroxide (2.45 L) , and the mixture was 
stirred at room temperature for 30 minutes. The resultant 
mixture was extracted with toluene twice (4.9 L x 2), and the 




[0057] 
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organic layer was dried over sodium sulfate anhydrate (979.8 
g) . After any insoluble material was filtered off, the 
mother licjuor was concentrated at or below 4 0®C under reduced 
pressure, to thereby give 2-bromo-5-methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5 , 4 -c] pyridine (2 84.0 g) as a brown oily 
compound. The resultant 2-bromo-5-methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5, 4- c] pyridine (284.0 g) was dissolved in 
anhydrous tetrahydrof uran (2.84 L). After the system was 
purged with argon, n-Butyllithium (as 1.59 mol/L n-hexane 
solution, 766 mL) was added dropwise to the solution at -4 0 
to -3 0°C, and the resultant mixture was stirred at the same 
temperature for 1 hour. After passing carbon dioxide gas 
through the reaction mixture at -4 0 to -25°C, the mixture was 
stirred under carbon dioxide atmosphere at the same 
temperature for 1 hour. The resultant mixture was heated to 
room temperature, and ethyl acetate (1.42 L) was added 
thereto. The precipitated solid was filtered off and was 
washed with ethyl acetate (0.85 L) . The thus-obtained solid 
material was dried at 40°C under reduced pressure and was 
pulverized, to thereby give 235.1 g of the title compound. 
[0058] 

^H-NMR(DMSO-d6)8ppm: 3.54 (s,2H) , 2 . 65-2 . 85 (m, 4H) , 2.36 (s,3H) . 
[0059] 

Production Example 7: 5-Methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5 , 4-c] pyridine-2-carboxylic acid 
hydrochloride 
[0060] 
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[F8] 



•HCl 




COgH 



— N 



[0061] 



To lithium 5-methyl-4, 5, 6, 7-tetrahydrothiazolo [5,4- 
c] pyridine-2-carboxylate (3.00 g) was added IN HCl in ethanol 
(36 mL) , and the mixture was stirred at room temperature for 
1 hour. The precipitated crystals were collected by 
filtration and were washed with ethanol (9 mL) . The wet 
crystals were dried at room temperature under reduced 
pressure, to thereby give 2.76 g of the title compound. 
[0062] 

^H-NMR(D20)5ppm: 4 . 82-4 .88 (d, IH, J=16 . OHz) , 4 . 51- 
4.57(d,lH, J=16.0Hz) , 3 . 88 -3 . 96 (m, IH) , 3 . 60 -3 . 70 (m, IH) , 3.22- 
3.33 (m,2H) , 3.15(s,3H) . 
Elementary analysis: as C8H11CIN2O2S , 
Calculated: C, 40 . 94 ;H, 4 . 72 ;N, 11 . 94 ;S, 13 . 66 
Found: C,40.51;H,4 .65;N, 11. 79 ;S, 13 .53 
[0063] 

Production Example 8: 5 -Methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5 , 4-c] pyridine-2-carboxylic acid 
hydrochloride 

[0064] 
[F9] 
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•HCl 




CO2H 



— N 



[0065] 



2-Bromo-5-methyl-4 , 5,6, 7 - tetrahydrothiazolo [5,4- 
c] pyridine p-toluenesulf onic acid salt (40.00 g) was mixed 
with IN aqueous sodium hydroxide (200 mL) at room temperature, 
and the mixture was stirred for 3 0 minutes. The aqueous 
layer was extracted with toluene twice (4 00 mL x 2) , and the 
organic layers were combined. The combined organic layer was 
washed with 5% brine (200 mL) and was concentrated to 80 mL 
at an external temperature of 50®C or lower under reduced 
pressure . A sample for water content measurement was taken 
from the resultant mixture (weight of the mixture after 
concentration: 91.03 g, weight of the mixture after sampling: 
87.68 g) . The sample of the concentrated mixture was 
subjected to water content measurement with Karl -Fischer 
Moisture Titrator, and the water content was found to be 
0.0231% (on a weight -to- weight ratio). The remaining portion 
of the concentrated mixture after sampling was dissolved in 
anhydrous tetrahydrof uran (231 mL) . After the system was 
purged with argon, the reaction mixture was cooled to an 
internal temperature of -3 0°C or lower, and to the solution 
was added dropwise n-butyllithium (as 1.59 mol/L n-hexane 
solution, 61.7 mL) during which the internal temperature was 
kept at or below -3 0°C, followed by stirring at the same 
temperature for 1 hour. After passing carbon dioxide gas 
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through the resultant mixture during which the internal 
temperature was kept at or below -3 0 °C, the reaction mixture 
was stirred under carbon dioxide for 1 hour. The resultant 
mixture was heated to an internal temperature of 15°C, and 
methanol (193 mL) was added thereto, to thereby dissolve the 
precipitated solid, and concentrated hydrochloric acid (19.3 
mL) was added dropwise thereto during which the internal 
temperature was kept at or below 20^C. The resultant mixture 
was cooled to an internal temperature of 10°C or lower, and 
was stirred at the same temperature for 1 hour. The 
precipitated crystals were collected by filtration and were 
washed with methanol (58 mL) . The wet crystals were dried at 
room temperature under reduced pressure, to thereby give 
21.20 g of the title compound. 
[0066] 

^H-NMR(D20)8ppm: 4.82-4.88 (d, IH, J=16 , OHz) , 4.51- 

4.57 (d, IH, J=16.0Hz) , 3 . 88 -3 . 96 (m, IH) , 3 . 60-3 . 70 (m, IH) , 3.22- 

3.33 (m,2H) , 3.15(s,3H) . 

MS(EI)m/z: 198 (M) 

Elementary analysis: as C8H11CIN2O2S , 

Calculated: C, 40 . 94 ;H, 4 . 72 ;C1, 15 . 11 ;N, 11 . 94 ; S, 13 . 66 
Found: C, 40 . 83 ;H, 4 . 56;C1, 14 . 81 ;N, 11.91;S, 13 . 87 
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[Document Name] Abstract 
[Abstract] 

[Objective] To provide a process for industrially producing, 
tlirougli use of inexpensive starting materials, intermediates 
of a useful compound which exhibits activated blood 
coagulation factor X inhibitory effect . The process enables 
efficient production of the intermediates with a fewer number 
of production steps . 

[Means for Solution] The invention provides a process for 
producing 5 -methyl -4 ,5,6, 7-tetrahydrothiazolo [5, 4-c] pyridine - 
2-carboxylic acid or a salt thereof, characterized by 
including reacting 1 -methyl- 4 -piperidone with sulfur powder 
and cyanamide in the presence of a secondary amine, to 
thereby obtain 2 -amino- 5 -methyl -4 , 5 , 6 , 7- 

tetrahydrothiazolo [5 , 4-c] pyridine or a salt thereof; reacting 
the obtained compound with hydrobromic acid and alkali metal 
nitrite, to thereby obtain 2-bromo-5-methyl-4 , 5 , 6 , 7- 
tetrahydrothiazolo [5 , 4 -c] pyridine or a salt thereof; and 
reacting the obtained compound with alkyllithium and carbon 
dioxide. 
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